Cyswllt i'r cyhoeddiad / Link to publication Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA):
of forest management activities including boundary marking and construction, firebreak 23 maintenance, controlled early burning, firefighting, controlled harvesting, reforestation and monitoring and patrolling. In return, for participating in sustainable forest management 1 activities, the programme legitimizes participants' access and use of forest reserves to collect 2 various forest products (e.g. firewood and Non-timber products) in accordance to what has 3 been stipulated in the management plans and the contract agreement. The committee is 4 mandated to control who and how these products are accessed, by issuing permits. 5 The programme is being implemented in phases; thus, within the reserve there are 6 some blocks that are currently being co-managed by adjacent communities and government 7 after the signing management agreements, and some blocks are still under state management 8 as the process is still underway (Malawi government: IFMSLP mid-term review, 2008; 9 Personal communication, Department of forestry officers -July, 2011 ). To answer the questions in 10 this study, the study sites had to fulfil the following criteria: 1) the forest block should be 11 under full co-management, which means that communities living in and around the reserves 12 have signed a management agreement with the government and are thus recognized as full 13 participants. Following meetings with forest staff at the Department of Forestry's 14 headquarters and regional and district offices, Zomba-Malosa and Ntchisi forest reserves co-15 management programmes fully meet the requirement of the study. Zomba-Malosa forest reserve has an area of 14,536 hectares demarcated into 12 18 management blocks, whilst Ntchisi Forest Reserve covers an area of 9,720 hectares and has 19 19 management blocks. Zomba district is located in the southern region of Malawi and it 20 covers a total of 2580 square kilometres, 14.7% of which are forests and woodland (Malawi 21 Government-Atlas, 2012) . Agriculture forms a large part of the economy and livelihoods for 22 the majority of the population in Zomba (National Statistics Office-NSO, 2012) . Malosa forest reserve in the only gazetted forest in Zomba and covers an estimated area of 24 15,756 hectares consisting of both miombo woodlands and pine plantations (Malawi district, in Ntchisi tobacco farming is one of the major cause of deforestation, due to 1 the high wood use for curing (e.g. Wiyo et al. 2014, Jumbe and Angelsen 2011) . A before-after control-impact (BACI) study design has been suggested as most suitable for 5 assessing the impacts of forest co-management approaches (Bowler et al., 2012) . However, in 6 this study, as is commonly the case, we were unable to access baseline data, previous 7 inventory data, forest resource mapping and before and after satellite images of the forest 8 area which would have facilitated in assessing forest cover changes in this study. Therefore, 9 the study took advantage of the IFMSLP implementation plan to design a comparative 10 control-impact (CI) study (Baker, 2000; Blomley et al., 2008) . The IFMSLP is being 11 implemented in phases; thus, some communities are co-managing blocks having already 12 signed management contracts with government, whilst some blocks are still under state 13 control as communities living adjacent to them have not yet signed any management 14 agreement with government. Therefore, within a forest reserve, blocks that are currently 15 under co-management were regarded as treatment, while those that are still under state 16 management act as control. Data on forest conditions were collected using forest inventory 17 procedures adapted from Hetherington (1975) ; Malimbwi (1994) , Ahrends (2005) , Mwase, 18 Bjørnstad, Bokosi, Kwapata, and Stedje (2007), Blomley et al., (2008) , Gobeze, Bekele, 19 Lemenih, and Kassa (2009), Obiri, Hall, and Healey (2010) and Phiri, Chirwa, Watts, and 20 Syampungani, (2012). Forest inventories were also used to collect data on human activities in 21 the forest and verify information on forest management activities provided by communities 22 during the focus group discussions, key informant and household interviews. Human 23 activities such as tree felling for timber and fuelwood, grazing, encroaching for settlement 24 and agriculture activities have been highlighted as major contributors to deforestation in both 1 Therefore, the study hypothesised that the presence and level human activities should differ 2 between co-managed forest plots and those under state management (i.e. few indicators of 3 human activities were expected to be observed in co-managed forest plots). Additionally, 4 community perceptions of the impact of co-management on forest conditions were elicited 5 through face to face interviews with a random sample of household heads (a total of 213) 6 from the two communities (Agrawal & Yadama 1997; International Forestry Resources and 7 Institutions, 2008) . A number of factors may vary between the forest blocks currently under 8 co-management and those still under state management, which may confound any 9 comparison between the sites (Bowler et al., 2010) . The confounding factors considered in 10 the design of this study include proximity to the nearest main road (i.e. access to markets for 11 forest products), distance between forest boundary and nearest villages, conditions of the 12 forest before the programme (i.e. degraded, suffering from deforestation). Additionally, 13 considering that the forest blocks currently under co-management (i.e. treatment sites) are in 14 close proximity to some management blocks that are still under state management (i.e. 15 control sites), there is a risk of leakages or displacement effects (Vyamana, 2009 ), hence 16 confounding the impact assessment results. Although distance between the forest boundary 17 and the nearest villages was considered in the design of the study, after the initial analysis of 18 the data, it was observed that in all sites (Zomba-Malosa and Ntchisi) the distance between 19 the forest boundary and the nearest villages ranged from 1.5 to 2 kilometres, hence I regarded 20 the distances as close enough not to bias the study results. Similarly, despite all effort, we 21 were unable to access baseline data, information on selection criteria for the co-management 22 programme targets sites and any information with regard to differences in forest composition 23 and status prior to the programme. Hence it is difficult to control for confounding factors that 24 are a direct effect result of pre-existing differences in the comparison sites (co-managed and state managed), prior to the programme starting and not to the difference in management In each of the two forest reserves, three co-managed forest blocks and three state managed 5 forest blocks were randomly selected. Within each sampled forest block, three transect lines 6 moving away from the forest boundary line to the centre of the reserves were randomly 7 located along the boundary (Figure 1 ). This was on the assumption that forests are more 8 degraded or more harvested along the boundary line than in the centre of the forest, due to 9 differences in accessibility.
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FIGURE 1 -HERE
11
Along each transect line three rectangular plots (50m*20m) were placed 50 m apart.
12
The first plot 50m into the forest reserve, was starting from the boundary line, thus the second 13 plot was located 100m and the third at 200m from the boundary line. However, where 14 accessibility was hindered by thickets, rocks, permanent rivers and steep slopes, the transect 15 line went only up to the accessible point. Therefore, only a total of 106 plots were sampled 16 instead of a targeted 108 plots, for both forest reserves.
17
Tree and seedling and saplings counts were collected as indicators of forest condition 18 (Table 1) . The seedling and saplings counts included those from roots, stump and seeds.
19
Names of trees and all woody species were first recorded in their vernacular names, and then 20 later their scientific or English names were identified. The vernacular names were identified 21 in the field, with the help of district forest assistants, field assistants and local representatives 22 from adjacent communities. 1 different management approaches (Yadav, Dev, Springate-Baginski, & Soussan, 2003) .
2
Considering that the programme had only been implemented for 7 years at the time of the 3 study, use of vegetative parameters may be inadequate to answer the questions of the study.
4
Therefore, the study also collected additional parameters including, level and presence of 5 human activities and disturbances, and forest management activities (Table 1) , on the 6 assumption that good forest management practices and controlled human activities in the 7 forest facilitate improvement of forest conditions and may help explain current forest 8 conditions in the absence of baseline data (Phiri, Chirwa, Watts, & Syampungani, 2012 Household surveys were used to collect information on communities' perceived changes in 13 forest conditions since the co-management programmes started. The questionnaire included 14 both closed and open ended questions to gather communities' perceived status of the forest 15 before and after the programme, perceived impact of the programme on the forest condition 16 and basic socio-economic information about households.
17
Due to differences in resource use and extraction among different gender groups, as 18 well as influences of cultural norms and practices among rural communities (Colfer and 19 Capistrano, 2005; Fisher et al. 2012; Mawaya and Kalindekafe, 2007) , difference in 20 responses between household heads and other adult members of the community, were 21 expected. Therefore, respondents were grouped into household heads and other adult 22 members of household. The household heads were usually male, however, in some cases 23 widows, divorcees, or women whose husbands are working away were regarded as household heads as they do all almost all of the work customarily done by men. However, after the 1 initial analysis of the data showed no obvious difference in opinions and perceptions between 2 household heads and other adult members of the community, household heads and other adult 3 members were treated as one category (i.e. community members). A total of 213 community 4 members in participating communities were interviewed, 106 households in Zomba-Malosa 5 and 99 in Ntchisi. In each village, a random approach was used in selecting the households to 6 participate in the survey interviews, so as to ensure that all the different socio-economic 7 characteristics of a heterogeneous community that may influence community perceptions on 8 co-management impacts are included and tested in the study. In each village, a village 9 register was requested and provided by the communities' village heads. Attention was paid to 10 ensure that the lists do not follow a particular order or social hierarchy (e.g. wealthy status or 11 kinship), so as to ensure that the selected sample is representative of the true population 12 characteristics. The total household list formed the sampling frame from which every fourth 13 household on the list was selected to form part of the study. Where all members of the 14 household were absent, or unwilling to participate, the next household on the list was chosen.
15
For each individual, the interviews were done in isolation to reduce the risk of influencing 16 each other's answers. ANOVA was used to compare means of indicators for forest condition in state 20 management and co-management blocks, and for the different locations. To assess the 21 relationship between tree density and seedlings and saplings density in both state managed 22 and co-managed forest block linear regression was used. Finally, for categorical data, 23 especially in assessing the presence of human activities, chi-square test we used for analysis.
24
The tests were done to assess if forest conditions may be affected by pre-existing forest conditions, and socio-economic variables of participating communities (Bowler et al., 2012) .
1 Therefore, the data for each forest reserve in the different districts was analysed separately, to 2 ensure that forest or district specific effects are not masked. Descriptive statistics were used 3 to compare and present the perception-based data. All the data were analysed using STATA Tree density per plot was significantly higher (p<0.001) in Ntchisi than Zomba-9 Malosa forest reserve, whilst seedlings and saplings density was significantly lower (p = 10 0.04) in Ntchisi than Zomba-Malosa forest reserve ( Figure 2 ). In both Ntchisi and Zomba-11 Malosa, tree density per plot was significantly higher in co-managed than in state managed 12 blocks (p <0.001, p = 0.01 respectively, Figure 2a. ). Although the difference was not 13 significant, the mean density per plot for seedlings and saplings was higher in co-managed 14 plots than in state managed forest blocks in Ntchisi (p = 0.43, Figure 2b. ). However, in 15 Zomba-Malosa forest reserve, the mean density per plot for seedlings and saplings was 16 significantly higher in state managed than in co-managed forest blocks (p <0.001, Figure   17 2b.). In both Zomba-Malosa and Ntchisi forest reserve, tree and seedlings and saplings 18 density did not significantly differ with plot location along the transect moving away from the 19 forest boundary (i.e. boundary, and middle or toward centre) in either state managed or co-20 managed forest blocks.
21
FIGURE 2-HERE
There is an inverse relationship between tree density and seedlings and saplings 3 density in both state managed and co-managed forest block in Ntchisi and Zomba-Malosa 4 forest reserve (Figure 3 ). However, linear regression results showed that the inverse 5 relationship was only statistically significant in co-managed blocks in Ntchisi forest reserve 6 (p = 0.02) and state managed blocks in Zomba-Malosa forest reserve (p = 0.09). Tree species richness per plot was significantly higher in Ntchisi forest reserve than in 18 Zomba-Malosa forest reserve (p <0.001). There was no statistically significant difference in 19 tree species richness (p <0.09) or seedling and sapling species richness (p <0.13) between co-20 managed and state managed forest block in Ntchisi forest reserve (Figure 4) . In Zomba-
21
Malosa, co-management forest blocks have a significantly higher tree species richness than 22 state managed forest blocks (p <0.001, Figure 4a .). A total of 24 tree species were observed 23 in co-managed forest blocks, whilst only 7 tree species were observed in state managed forest 24 blocks in Zomba-Malosa forest reserve. However, co-managed forest blocks have significantly lower seedling and sapling species richness than state managed forest blocks (p 1 = 0.01, Figure 4b.) . In both Zomba-Malosa and Ntchisi forest reserves, tree and seedling and 2 sapling species richness did not differ significantly with plot location along the transect 3 moving away from forest boundary in both state managed or co-managed forest blocks. Indicators of human activities or disturbances observed in the both co-managed and state 7 managed forest block of Ntchisi and Zomba-Malosa forest reserves include: tree stumps, pole 8 stumps, felled trees, farming plots, settlement plots, charcoal pits, debarked trees, lopped 9 trees, hunting pits, evidence of fire and evidence of grazing (Table 3) . In Ntchisi, a significantly higher number of tree stumps (p=0.00), and pole stumps 12 (p=0.01) were recorded per plot in co-managed forest blocks than in state managed forest 13 blocks. In Zomba-Malosa, the number of tree stumps (p=0.03), pole stumps (p=0.04), 14 farming plots (p=0.00) and charcoal pits (p=0.04) per plot was significantly lower in co-15 managed forest block than in state managed forest blocks. However, the number of felled 16 trees (p=0.04) and debarked trees (p=0.00) per plot was significantly higher in co-managed 17 forest block than in state managed forest blocks in Zomba-Malosa forest. Chi-square test 18 show that in Ntchisi forest there was no significant difference statistically in the presence or 19 evidence of fire between co-managed and state management forest blocks, (χ2= 0.025 a , p= 20 0.875). In Zomba-Malosa presence or evidence of fires was higher in state managed forest 21 blocks than in co-managed forest blocks and the difference was statistically significant at 22 10% level of significance (χ2= 3.441, p= 0. 064). The presence of human activities and 23 disturbances per plot did not differ significantly with plot location along the transect moving away from forest boundary (i.e. boundary, and middle or toward centre) in either state or co-1 managed forest block, in either Ntchisi or Zomba-Malosa forest reserves. In Ntchisi district, approximately 73% of respondents perceive that the co-management 4 programme to have had positive impact on forest conditions. Respondents perceive increase 5 in seedlings and saplings or regrowth (47%), 42% a decline in illegal cutting (42%) since the 6 programme started. Additionally, 11% cited the introduction of reforestation and afforestation 7 schemes as an indicator of positive impact. The majority of respondents that perceived a 8 decline in tree population in Ntchisi district attributed the decrease to careless cutting during 9 the edible caterpillar (Matondo) harvesting season (48%), charcoal and firewood for tobacco 10 curing (28%) and poor leadership among committee members or programme leaders (24%).
11
In Zomba-Malosa district, approximately 84% of respondents perceive the co-12 management programme to have had a positive impact on forest conditions. Respondents 13 cited increase in seedlings and saplings or regrowth (39%), increase in tree stems (16%), a 14 decline in illegal harvesting (19%), introduction of reforestation and afforestation 15 programmes (17%), and improved river flow and water availability (9%), as some of the 16 indicators of a positive impact. Respondents who perceived a decline in tree population 17 attributed it to charcoal production for sale (74%), timber and pole cutting (15%), poor 18 leadership among committee members or programme leaders (8%) and encroachments for 19 settlement and farming (3%). However, the perceived positive impact has yet not translated 20 into increase in forest tree stocks, a majority of respondent 50% (Ntchisi) and 63% (Zomba-21 Malosa) indicated that the population of trees was higher before the programme started 22 (before 2005) as compared to the current status. 1 forest reserve indicate that state managed blocks are more heavily exploited than co-managed 2 blocks, as higher presence of seedlings and saplings is often correlated with lower numbers of 3 full grown trees. This is also evident in the low number of tree counts observed in state 4 managed blocks of Zomba-Malosa forest reserve. This corroborate findings by Werren, 5 Lowore, Abbot, Siddle, and Hardcastle (1995) showing that seedlings and saplings as well as 6 smaller trees flourish when the tree density is minimal or in the absence of bigger trees, 7 because there is less competition for light and nutrients. In Zomba-Malosa forest reserve, the 8 heavy exploitation in state managed blocks than in co-managed blocks could also be as a 9 result of differences in the block proximity to the main road and accessibility to markets for charcoal, firewood and timber) and easily sell by the roadside to travellers from other areas or 17 transport to other markets in other area (e.g. Zomba town and Blantyre city). Therefore, the 18 easy access to main road and increasing demand for forest products by travellers could 19 contribute to the differences in tree density and deforestation levels between co-managed and 20 state managed forest blocks in Zomba-Malosa forest reserve. However, the high density of 21 seedlings and saplings in the state managed forest block indicate a potential for tree population recovery, given proper silviculture management practices and sufficient 23 enforcement of rules and regulations (Obiri, Hall, & Healey, 2010) .
In Ntchisi forest, evidence of human disturbance was significantly higher in plots 1 under co-management than in state managed plots. However, the opposite was observed in 2 Zomba-Malosa forest reserve. This could indicate that, in Ntchisi, co-management may have 3 opened up the reserve for utilization and markets, as during the focus group and key 4 informant interviews, communities in Ntchisi indicated that co-management has brought or 5 introduced new forest based income sources including, timber sales, firewood sales and 6 pottery (clay pots) sales. However, in Zomba-Malosa communities may have reacted to the 7 management and utilization rights under co-management by taking charge and conserving the 8 forest. Therefore, it is possible that co-management programmes may not always be 9 understood or interpreted equally by different communities and hence even though the 10 approach is similar may not always produce equal results (Poteete & Ostrom, 2004; Bowler 11 et al., 2012 Bowler 11 et al., & 2010 . However, it is also important to note that this could be due to the 12 difference in harvestable forest stocks between Ntchisi and Zomba-Malosa forest reserves.
13
The increase in human activity in co-management forest blocks in Ntchisi forest could also be 14 attributed to limited labour and high time cost for effective monitoring to prevent illegal 15 harvesting in the forest blocks as participation is voluntary. Additionally, the higher presence 16 of physical signs of human activity in co-managed forest blocks of Ntchisi forest reserve and 17 the decline in tree density since the co-management programme began as perceived by the 18 majority of the respondents in Ntchisi, could also be attributed to poor leadership among 19 programme leaders, since approximately 24% of respondents in Ntchisi who perceived a 20 decline in forest status attributed the decline to poor leadership. Poor leadership has also been 21 highlighted as one major contributing factor to failures of participatory forest management 22 programmes by Ostrom (1990) , Poteete and Ostrom (2004) , Tacconi (2007) and Zulu (2008) .
23
A majority of respondents in Ntchisi perceive tree density to have been higher before 24 co-management began. This could be attributed to the fact that, during state management, access and utilization was limited, hence this allowed for conservation and an increase in tree 1 density in the reserves. Instead, the co-management programme supports forest-based 2 enterprises among the participating communities, hence resulting in increased exploitation.
3 Therefore, the higher evidence of human disturbance and activity observed in co-managed 4 forest blocks in Ntchisi forest also explains why the majority of community members in 5 Ntchisi perceived tree density to have been higher before the co-management programme 6 began and think there has been a decrease in tree density since the co-management 7 programme began. Furthermore, the perceived decline in tree density since co-management 8 began could be as a result of other factors such as increase in demand of forest products due 9 to population growth in the communities, over time.
10
Participating communities are allowed to collect dead trees for firewood in protected 11 sections of co-managed forest blocks, but some individuals may debark or lop a tree heavily 12 and let it die, just to come back and collect it as dead wood. Therefore, long term 13 improvement in tree and woody populations could be compromised by heavy debarking and 14 lopping. Thus, there is a need for a proper monitoring mechanism and to ensure that 15 management and utilization rules and regulations are adhered to by all local communities.
16
Additionally, there is a need to identify alternative trees and wood sources, so as to reduce the 17 current pressure on the existing reserves, and also to allow for the recovery or regeneration of 18 harvested forest areas. One such alternative tree and wood source is the establishment of 19 VFA's, which were observed in communities living around both Zomba-Malosa and Ntchisi 20 Forest reserve. Furthermore, VFA's could also present the communities with an investment 21 opportunity for a sustainable flow of forest products for subsistence and commercial value.
22
The results show that forest boundaries were clearly marked and firebreaks 23 constructed in co-managed forest blocks of forest reserve. However, neither marked and 24 constructed boundaries nor were firebreaks observed in Ntchisi forest reserve. Lack of existing condition of the forest.
23
Biological indicators of conservation (e.g. tree density and species richness) take time to 24 respond to management programmes; therefore, the inclusion of physical signs of human 25 activities in the forests as indicators to predict potential impact of the programme on forest 26 condition is essential in evaluation studies. This study supports the use of method 27 triangulation and multiple data types in forest co-management impact studies as it allows for 28 a more robust assessment, and should be widely applicable to other evaluation studies.
29
However, the study also demonstrates that, even with method triangulation, it is difficult to 
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